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(57) Abstract: An active matrix liquid crystal (LC) display device, comprising in a display area (25) an array of picture elements (12) 
each having a picture element electrode (15) which together with an opposing common electrode (24) defines an LC display element 
i'n ann a smrage capacitor (20) connected to the picture element electrode, includes adjustment means (40,34) for adjusting drive 
*.7tv,;s zmWcd by a drive circuit (35) to the picture elements (12) in accordance with changes in the LC capacitance. The adjustment 

■■ - •r"*^ an oscillator circuit (40) which is coupled to at least some of the picture elements in the array and whose oscillation 

frcaucnev is determined by a capacitance associated with those picture elements and dependent on the capacitances of their LC 
uisyiay elements. The oscillator circuit may be coupled, via switch means (50,61,72), to a storage capacitor line (22) interconnecting 
^;uge capacitor (20) of the picture elements (12) or to the common electrode (24). The oscillator circuit may be integrated on 
a substrate of the device, together with the picture element drive circuitry (35). 
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DESCRIPTION 

ACTIVE MATRIX LIQUID CRYSTAL DISPLAY DEVICES 

This invention relates to active matrix liquid crystal display devices 
(AMLCDs) and more particularly to AM LCDs having in a display area an array 
of picture elements operable to produce a display image, each picture element 
comprising a picture element electrode, which together with an opposing, 
common, electrode defines a liquid crystal display element, and a storage 
capacitor connected to the picture element electrode, and including adjustment 
means for adjusting drive signals applied to the picture elements in 
accordance with changes in the liquid crystal capacitance. 

Techniques for automatically controlling display drive parameters, for 
example, the DC bias appearing across the display elements in an AMLCD, 
are known. However, such techniques are often complicated and difficult to 
implement. In order to provide automatically adjustments to the drive signals 
using a feedback type control circuit it is necessary to identify a way of 
determining how the liquid crystal (LC) material is affected by the drive 
voltages applied to it. A preferable characteristic in this respect is the 
capacitance of the LC material. The capacitance of the LC layer is related to 
the orientation of the LC molecules and therefore is closely related to the 
optical behaviour of the LC display elements. 

WO01/91427 describes an LC display device in which pairs of 
interconnected dummy LC display elements located outside the display area 
are driven in a particular way, shorted together and the resulting voltage 
measured with a sense amplifier, this voltage being an indication of response 
time or the clearing temperature of the LC material. However, these 
techniques normally require the use of analogue circuitry and therefore are 
unsuitable in, for example, display devices having integrated drive circuitry 
fabricated using the same thin film technology as for the picture element array, 
such as poly-Si AMLCDs using polycrystalline silicon type thin film transistors 
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(TFTs) as switching devices in the picture elements. For such purposes, it 
would be desirable to use a technique which can be implemented using simple 
circuitry that can easily be integrated onto a substrate of the display device 
using TFTs, thereby minimising the external circuitry required to operate the 
5 display and avoiding the need to adjust individually the drive conditions of 
each display. 

It has also been proposed in WO 01/91427 to use in an AMLCD for the 
purpose of sensing the clearing point of the LC material a single dummy LC 
display element located outside the area of the picture element array which is 

10 connected to an oscillator circuit and whose capacitance is one of the 
parameters that determines the frequency of oscillation. This approach may 
be acceptable for sensing simply the clearing point, but is unsuitable for 
measuring other operational characteristics of the device, particularly those 
associated with the behaviour of the actual display elements, for example the 

15 response of the LC material to applied voltage or temperature changes. For 
this the dummy display element would need to be truly representative of the 
actual display elements in all aspects of their behaviour, which would be 
difficult to achieve in practice. Amongst other things, the effect of stray 
capacitance of the measurement circuit, or the connections to it, on the 

20 operation of the single dummy display element would probably make it 
impossible to use the dummy display element for such measurement 
purposes. 

According to the present invention, there is provided an AMLCD as 
25 described in the opening paragraph, wherein the adjustment means comprises 
an oscillator circuit which is coupled to a plurality of picture elements in the 
array and whose frequency of oscillation provides a measure of a capacitance 
associated with the plurality of picture elements and dependent on the 
capacitance of their LC display elements. 
mj The invention results in significant advantages. Because the 

adjustment means uses actual picture elements in the display area, the 
difficulty of creating dummy display elements that are truly representative of 
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the actual display elements in all aspects of their behaviour is avoided. The 
measurement will take into account different drive conditions experienced by 
the display elements over time, for example resulting from different video 
images being displayed over prolonged periods, without necessarily requiring 

5 the generation of any special drive signals. Moreover, the result of the 
measurement performed by the adjustment means would be representative of 
the average drive conditions experienced by the LC display elements of the 
picture elements used taking into account variations over the area of the 
picture element array, for example in alignments or dielectric layer 

10 thicknesses, and consequential non-uniformities. 

Further, because the adjustment means measures a capacitance to 
which a plurality of picture elements contribute, rather than the capacitance of 
a single display element, the effect of stray capacitance of the adjustment 
means, or connections to it, is avoided or at least considerably reduced. 

15 Importantly, unlike the approach used in the earlier proposal, the invention 
does not rely on the direct measurement of an individual LC display element 
capacitance. Further, the technique used in the invention is entirely 
compatible with utilising picture elements in the array and does not require, for 
example, picture element electrodes to be connected together in a particular 

20 fashion. In this respect, the adjustment means is preferably arranged to 
measure the capacitance associated with either the common electrode or the 
storage capacitors of the plurality of picture elements, in the latter case 
preferably via the storage capacitor line(s) conventionally used to connect the 
storage capacitors of a row of picture elements together. It will be appreciated 

25 that the capacitances of the storage capacitors and common electrode depend 
on the LC display element capacitances, and therefore can provide an indirect 
means of determining the capacitance, and hence the state, of the LC display 
elements without requiring a special display element lay-out. 

By using in the adjustment means an oscillator circuit in which the 

30 capacitance measured determines (at least in part) the frequency of oscillation 
provision of the adjustment means is simplified. Such an oscillator circuit can 
be readily implemented using simple circuitry, for example with CMOS logic 
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gates, and easily integrated onto the active substrate of the device using thin 
film circuit components comprising TFTs, for example poly-Si TFTs, thereby 
minimising the external circuitry required and avoiding the need to individually 
adjust the drive conditions of each display device. The frequency of oscillation 
5 of the circuit provides a measure of the response of the LC to factors such as 
applied voltages and ambient temperature. The output signal from the circuit, 
indicative of the frequency, can readily be used to implement automatic 
adjustment of one or more of the parameters of the drive waveforms 
employed. 

io In order to avoid, or at least minimise, disturbance to the display image 

produced by the picture elements, for example as a result of the performance 
of a measuring operation possibly affecting the voltage waveforms appearing 
across the LC, then the measurement by the adjustment means may be 
applied to all the picture elements in the array, either simultaneously or in 

15 groups. Accordingly, this will avoid banding or blocking effects in the display 
image which may otherwise be apparent if, for example, only a few rows of 
picture elements were to be used for measurement purposes. 

Switch means is preferably included which is selectively operable to 
switch the common electrode or storage capacitor connection line between a 

20 potential source and the oscillator circuit. 

Any possible disturbance of the display elements voltage is likely to 
occur only while a measurement is being made. The time required to perform 
a measurement can be made very small in comparison with the frame period 
so that display element disturbance will have only a very small effect on the 

25 rms voltage or average voltage appearing across the display elements. 

Embodiments of AM LCDs in accordance with the present invention will 
now be described, by way of example, with reference to the accompanying 
drawings, in which:- 
30 Figure 1 shows the equivalent circuit of a conventional AMLCD; 

Figure 2 illustrates in block diagram the operating principle of an 
AMLCD in accordance with the invention; 
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Figure 3 shows schematically an example circuit employed in 
adjustment means used in an AM LCD according to the invention; 

Figure 4 illustrates example waveforms present in operation of the 
circuit of Figure 3; 

5 Figure 5 is a graph illustrating the relationship between certain drive 

voltages and the output of the circuit of Figure 3; 

Figure 6 is a graph illustrating the relationship between a common 
electrode voltage of AM LCD and the output of the circuit of Figure 3; 

Figure 7 shows the equivalent circuit of a first embodiment of AM LCD 
10 according to the present invention; 

Figure 8 illustrates an alternative arrangement in the AMLCD of Figure 

7; and 

Figure 9 shows the equivalent circuit of a second embodiment of 
AMLCD in accordance with the present invention. 

15 

It will be appreciated that the figures are all schematic. The same 
reference numbers and symbols are used throughout the figures to denote the 
same or similar parts or features. 

20 Various embodiments of AMLCDs in accordance with the invention will 

be described. The construction and general operation of these devices follow 
conventional practice and will not be described here in detail. For further 
information in these respects reference is invited, for example, to US-A- 
51 30829 which describes the basic operational and constructional principles of 

25 an AMLCD. 

The circuit configuration of a typical AMLCD is shown schematically in 
Figure 1. The device comprises a row and column matrix array of picture 
elements 1 2 located at respective intersections between crossing sets of row 
and column address conductors 14 and 16. Each picture element has a TFT 
30 (thin film transistor) 18 whose drain electrode is connected to a picture element 
electrode 15 and whose gate and source electrodes are connected to a row 
conductor 14 and column conductor 16 respectively. The gates of the TFTs in 
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a row of picture elements 12 are connected to the same row conductor 14 
while the source electrodes of all TFTs in a column of picture elements are 
connected to the same column conductor 16. Each picture element 12 further 
includes a storage capacitor 20 connected between the picture element 
electrode 15 and a respective capacitor line 22 shared by a row of picture 
elements. The capacitor lines 22 for all rows in the array are connected at 
their ends to a predetermined reference potential source 23, for example, 
ground. The conductors 14 and 16, TFTs 18, picture element electrodes 15, 
storage capacitors 20 and lines 22 are all carried on an insulating first 
substrate (not shown), for example of glass. A second substrate, for example 
also of glass, spaced form the first substrate carries an electrode layer 24, 
typically of ITO, common to all picture elements 12 in the array. LC material is 
disposed between the two substrates and each picture element electrode 15 
together with the immediately overlying portion of the common electrode 24 
and the LC material sandwiched therebetween constitutes an LC display 
element 21. The two substrates together with the LC material sealed 
inbetween form an LC cell structure. 

The array of picture elements 12 defines a display area 25 (here the 
area denoted by a dotted line) in which a display image is produced in 
operation. The rows of picture elements 12 are addressed one at a time in 
sequence by means of a row drive circuit 28 which applies to each row 
conductor 14 in turn a selection (gating) signal in a respective row address 
period which turns on the TFTs 18 of the row. A column drive circuit 30 
applies data signals to the column conductors 1 6, obtained by sampling an 
input video signal, in synchronism with row addressing such that the picture 
element electrodes 15 in a selected row are charged, via the TFTs, according 
tc the level of the voltage of the data signals on the respective column 
conductors 16. The drive voltage applied to a picture element electrode 15 
determines a desired display effect with the light transmission through the 
display element 21 being modulated according to the level of the applied drive 
--■itage to produce a display output ranging from fully on (white) to fully off 
(black) through intermediate grey-scale levels. At the end of the row address 
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period, following termination of the selection signal, the TFTs of the row are 
turned off to isolate the electrodes 15 and the applied voltage is stored on the 
display element capacitances and their associated storage capacitors 20 until 
they are addressed again, usually in the next frame period. Each row of 
5 picture elements is addressed in turn so as to build up a complete display 
picture over one frame and the array of picture elements repeatedly addressed 
in this manner in subsequent frame periods. 

In each of the AMLCD embodiments to be described adjustment means 
in the form of a feedback control circuit is used to provide automatic 

10 adjustment of, for example, the picture element drive waveforms for various 
purposes, as will be explained. To this end the capacitance of the LC layer at 
the display elements of the device is utilised as a means of determining the 
effect on the LC of applied drive waveforms, e.g. voltages and timings, the LC 
capacitance being related to the orientation of the LC molecules, and thus 

15 closely related to the optical behaviour of the LC display elements. In these 
embodiments an oscillator circuit is employed in the adjustment means and the 
capacitance of the LC provides one of the parameters which determines the 
frequency of oscillation. This frequency therefore provides a measure of the 
response of the LC to factors such as applied voltage and temperature. 

20 To obtain the LC capacitance, a group of picture elements, a number of 

groups of picture elements, or all the picture elements in the picture element 
array may be utilised so as to provide an average capacitance measurement. 

The general scheme of the operation of the embodiments of AMLCD 
with the adjustment means is shown in the block diagram of Figure 2, in which 

25 the block 35 represents the array drive circuit, which includes the row and 
column driver circuits 28 and 30, the block 36 represents the array of picture 
elements 12. The drive circuit 35 is arranged to produce required LC drive 
voltage waveforms across the LC display elements. These waveforms may 
typically be similar to those used conventionally. 

30 A display control circuit, 34, provides the necessary timing and control 

signals for the array drive circuit 35 and also the video signal VS supplied to 
the circuit 34 from an external video source and from which the data signals for 
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the picture elements are derived. Picture elements in the array are connected 
to the oscillator circuit, here denoted by the block 40 through a coupling circuit 
38. The function of the circuit 38 is to couple the capacitance of the LC display 
elements 21 of the picture elements 12 to the input of the oscillator circuit 40 

5 so that the frequency of oscillation depends on the display element 
capacitance whilst limiting the extent to which the operation of the circuit 40 
might affect the voltages across the display elements 21 and also limiting the 
direct effect that the drive waveforms applied to the display elements have on 
the operation of the circuit 40. The drive waveforms will, of course, affect the 

10 frequency of oscillation indirectly by way of changing the capacitance of the LC 
display elements. 

Figure 3 shows schematically an example implementation of the 
coupling and oscillator circuitry in more detail. For simplicity, here only one LC 
display element 12 is shown although in practice a plurality of display elements 

15 would be used. The liquid crystal drive circuit 35 includes a source of an 
alternating voltage waveform D (e.g. the LC data signal drive waveform from 
the column drive circuit 30) and a switch Si, comprising a TFT 18, which allows 
the LC display element to be periodically charged, (according to a switching 
signal S controlling the switch Si) to the level of the LC drive waveform D. 

20 Connected in parallel with the capacitance of the LC display element, C L c, is 
the storage capacitor 20 with capacitance C s . The second terminal of the 
storage capacitor is connected to ground via a switch, S 2 . The input of the 
oscillator circuit 40 is coupled to the display element 21 by the series 
connected capacitors C c and C s . The oscillator is formed using a CMOS 

25 inverter 45 with a resistor 46, Rose, providing feedback from the output of the 
inverter to the input. The output of the oscillator is buffered by a second 
inverter 47. When the switch S 2 is closed the capacitance at the input of the 
oscillator is approximately equal to Cc- When a measurement indicative of the 
capacitance of the LC display element 21 is to be made switch S 2 is opened. 

30 The capacitance at the input of the oscillator is then approximately (1/C L c + 
l/'Cs + 1/Cc)" 1 - The frequency of oscillation of the circuit therefore depends on 
the value of Clc- 
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Waveforms which illustrate how this circuit might be operated are 
shown in Figure 4. The LC display element drive signal waveform D consists 
of a frame inversion data signal voltage waveform which changes polarity 
every 16.6ms (for a VGA display). The select waveform, S, causes the switch 

5 S! to close once in every 16.6ms period which results in charging of the 
storage capacitor 20 and the LC display element 21 capacitance to the LC 
drive signal voltage. LCE is the voltage across the LC display element 21 . 
When the capacitance of the display element 21 is to be measured the 
measurement enable waveform M applied to the switch S 2 goes high causing 

10 switch S 2 to open. The duration of the measurement enable pulse in this 
example is set at 1ms. The oscillator operates continuously and when the 
measurement enable signal is low the frequency of oscillation depends 
principally on the value of the capacitance Cc. When the measurement enable 
signal is high the frequency of oscillation depends on the value of the series 

is combination of C L c» C s and C c> that is (1/C L c + 1/C S + 1/C C )' 1 . The oscillator 
circuit output waveform, comprising a succession of output clock pulses, is 
shown at OS. This signal is fed back to the display control circuit 34 where it 
can be used to provide adjustments to drive waveforms for various different 
purposes. During the measurement process a small signal will be coupled 

20 from the input of the oscillator circuit onto the LC display element 21 . However 
this will have relatively little effect on the behaviour of the liquid crystal 
because of its low amplitude and relatively short duration. A measure of the 
capacitance of the LC display element 21 can be obtained by counting the 
number of cycles of the oscillator output during the 1 ms period when the 

25 measurement is enabled. The oscillator frequency provides an instantaneous 
measurement of the capacitance of the LC display element 21. In this 
example, the measurement is enabled (M) some time after the change in the 
polarity of the drive voltage applied to the liquid crystal in order to allow for the 
response time of the liquid crystal molecules. 

30 Figure 5 shows measured results illustrating the way the number, N, of 

oscillator clock periods during the measurement period of 1 ms varies with the 
peak to peak drive voltage, P, applied to the LC display elements by the liquid 
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crystal drive circuit 35. When the drive voltage is low the capacitance of the 
LC element is relatively low and therefore the frequency of oscillation and the 
count of the oscillator clock periods is relatively high. As the drive voltage is 
increased the liquid crystal molecules start to react to the applied voltage by 

5 changing their orientation which results in an increase of the capacitance of 
the LC element. This causes the capacitance at the input of the oscillator to 
increase which in turn causes the oscillator frequency and the count of 
oscillator clock periods to fall. As the drive voltage is increased further the 
movement of the liquid crystal molecules start to saturate so that the 

10 capacitance of the LC element tends towards a maximum value and the 
oscillator clock frequency tends towards a minimum value. 

The variation of oscillator frequency with drive voltage which is shown in 
Figure 5 gives an indication of the response of the liquid crystal to the applied 
peak to peak drive voltage and can therefore be used in the display control 

15 circuit 34 to provide automatic adjustment of the drive voltage waveforms of 
the display device. For example, changes in the behaviour of the liquid crystal 
as the ambient temperature of the display varied can be detected using this 
technique. This might involve determining the threshold voltage of the liquid 
crystal by detecting the drive voltage at which the capacitance of the liquid 

20 crystal starts to increase from its minimum value (the point at which the 
oscillator frequency starts to fall from its maximum value). Knowledge of the 
threshold voltage of the liquid crystal could then be used to determine the drive 
voltages required by the display device. In a more advanced scheme the 
measured capacitance versus drive voltage behaviour of the liquid crystal 

25 might be used to determine the gamma correction applied to the display 
device. This might be carried out by using the capacitance information to 
generate data for a look up table or by using it to select one of a number of 
predetermined gamma functions. 

Another aspect of establishing the correct drive voltages for a liquid 

30 crystal display device is minimising the dc voltage across the liquid crystal. If 
the dc voltage applied to the LC display elements 21 is not set correctly then 
problems such as low frequency flicker and image sticking can occur. By 
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comparing the capacitance of the LC display element resulting from positive 
and negative drive voltages it is possible to determine when the dc voltage 
across the liquid crystal is correctly adjusted. Figure 6 shows the effect that 
varying the dc voltage applied to the common electrode 24 of the LC display 
5 element 2 has on the oscillator frequency during periods when the LC element 
receives positive and negative drive voltages. In this Figure, CE is the 
common electrode voltage, N is, again, the number of oscillator clock periods 
in 1ms, and NDP and PDP are respectively the negative drive period and the 
positive drive period. 

10 When the common electrode potential is correctly adjusted the voltage 

across the liquid crystal is equal in magnitude but opposite in polarity during 
positive and negative drive periods. Therefore the capacitance of the LC 
display element 21 and the frequency of the oscillator will be the same for the 
positive and negative drive periods. When the dc voltage on the common 

15 electrode 24 is made more negative than its optimum value the voltage across 
the liquid crystal is increased during the positive drive periods and decreased 
during the negative drive periods. As a result, the capacitance of the liquid 
crystal is increased during the positive drive period and decreased during the 
negative drive period. This is reflected in the decreased oscillator frequency 

20 during the positive drive period and the increased frequency during the 
negative drive period which can be seen in Figure 6. When the common 
electrode potential is made more positive than its optimum value the changes 
are reversed. 

There is an increase in the oscillator frequency during the positive drive 
25 period (PDP) and a decrease in the frequency during the negative (NDP) drive 
period. Using the output signal OS, therefore, the dc voltage appearing across 
the LC display element can accordingly be minimised by adjusting the dc 
potential of the common electrode 24 until the difference between the oscillator 
frequencies in positive and negative drive periods is minimised. 
30 Referring again to Figure 2, the output from the oscillator circuit 40 is 

fed back to the display control circuit 34. This circuit applies drive signals to 
the picture element array via the drive circuit 35 and measures this response 
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by determining the output frequency of the oscillator circuit 40. The circuit 34 
controls the characteristics of the drive signals applied to the array and uses 
the information obtained from the measurement of the LC display elements' 
capacitance to ensure that the applied drive waveforms are correctly adjusted. 

5 Suitable circuits for modifying or adjusting the drive signals for the purposes 
described previously will be apparent to persons skilled in the art. 

The oscillator circuit 40 may be used to measure the capacitance of the 
liquid crystal in a number of ways. For example, it might be operated 
continuously so that the frequency of oscillation provides an indication of the 

10 way in which the capacitance of the liquid crystal cell structure varies with time. 
Alternatively, the oscillator circuit might be operated at specific times, 
effectively sampling the value of the liquid crystal capacitance. The drive 
voltage applied to the liquid crystal might be stepped through a number of 
values and the capacitance measured for each value in order to characterise 

15 the response of the liquid crystal to drive voltage. Other characteristics of the 
drive signals might be varied and the response of the liquid crystal measured, 
for example the response to a change in drive frequency or addressing 
frequency might be measured. 

Example embodiments of AM LCDs in accordance with the present 

20 invention using the above described type of adjustment means will now be 
described. In these embodiments, all the LC display elements 21 in the 
display area array are utilised by the adjustment means. The possibility of 
unwanted display artefacts which could occur when using only selected 
display elements for this purpose is then avoided. However, only some of the 

25 display elements may be utilised if desired. In these embodiments, the 
oscillator circuit 40 is arranged to measure a capacitance which is associated 
\~nh the display elements and which is dependent on the LC display element 
capacitances rather than measuring an LC display element capacitance 
directly. The capacitor lines 22 or the common electrode 24 are utilised for this 

?o purpose. As actual picture elements in the array display area are used rather 
than dummy picture elements, the measurement consequently takes into 
account the different drive conditions experienced by the picture elements, for 



WO 2004/023449 




PCT/IB2003/003925 



13 



example resulting from different video images being displayed over time, 
without requiring the generation of any special drive signals. The result of the 
measurement will be representative of the average drive conditions 
experienced by the picture elements taking into account also variations over 
the area of the array due to variations in alignments or dielectric thicknesses. 

Referring to Figure 7, the circuit configuration of a first embodiment of 
AM LCD in accordance with the invention is shown in which the capacitor lines 
22 are used to provide the input to the oscillator circuit 40. The device is in 
most respects similar to that of Figure 1. The capacitor lines 22 are all 
interconnected together at their one ends and, again, connected to the low 
impedance, reference potential source 23, except in this case via a switch, 50, 
corresponding to the switch S 2 in the Figure 3 circuit arrangement. The lines 
22 are connected also to the input of the oscillator circuit 40 via the coupling 
capacitor Cc, as in the Figure 3 circuit arrangement. 

When a measurement is being made, the switch 50 connecting the lines 
22 to the low impedance source 23 is opened so that the capacitance of the 
display elements 21 becomes one of. the parameters determining the 
frequency of oscillation of the circuit 40. 

The polarity of drive voltages applied to the LC display elements 21 
usually needs to be inverted periodically. Conventionally, this inversion may 
be every frame. However, in some schemes, for example a line inversion 
drive scheme in which the polarity of drive voltages is inverted for successive 
rows, the nature of the addressing of the picture elements may be such that 
half the display elements are addressed with a positive drive voltage and half 
the display elements are addressed with a negative drive voltage. If it is 
necessary to separately measure the response of the LC display elements 21 
to these two drive polarities then it will be necessary to provide separate 
connections to display elements receiving positive and negative drive voltages. 
For example, if the array is addressed using a row inversion drive scheme in 
which alternate rows of picture elements are addressed with opposite polarities 
then the capacitor lines 22 of the alternate rows could be joined to common 
points and a switching arrangement used to connect the elements of one of 
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the two sets of rows to the input of the oscillator. This would allow a 
capacitance measurement to be made on display elements receiving positive 
drive voltages and display elements receiving negative drive voltages within 
the same frame period. 

5 As mentioned earlier the finite response speed of the liquid crystal 

molecules means that when the drive voltage applied to the liquid crystal is 
changed it takes some time for the liquid crystal to respond to this change. In 
the measuring scheme indicated previously (Figure 4) the capacitance 
measurement is made shortly before the voltage across the LC display 

10 element 21 is inverted in order to ensure that the liquid crystal had been given 
time to react to any change in voltage. A similar approach can be 
implemented when the capacitance associated with the display elements is 
being measured by using the coupling arrangement in the alternative device 
circuit illustrated in Figure 8. In this case a capacitor line selector circuit 60 

15 selectively controlling a group of change-over switches 61 is used to determine 
which of the capacitor lines 22, or groups of capacitor lines, is connected to 
the input of the oscillator circuit 40 at any one time. The switching of the 
capacitor line selector circuit 60 can be synchronised with the operation of the 
row drive circuit 28 of the device to ensure that the capacitance measurements 

20 are made at an appropriate time within the addressing cycle of each row of 
picture elements. 

The description above indicates the general manner in which an 
oscillator circuit is used to measure the capacitance of LC display elements in 
order for example to determine their response to the applied drive waveforms. 

25 A specific example of an oscillator circuit 40 has been described (Figure 3) 
which is particularly simple and suitable for integration onto the first substrate 
of the AM LCD using thin film transistors. Other types of oscillator circuit could 
also be used in a similar way as long as the changing capacitance of the LC 
display elements is one of the parameters which determines their frequency of 

™ oscillation. In the examples given it is convenient to operate the oscillator 
circuit 40 continuously although it would clearly be possible to enable the 
oscillator circuit only during a measurement period in order to minimise the 
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power consumption of the AMLCD. In the embodiments of Figures 7 and 8 the 
coupling of the input of the oscillator circuit to the LC display elements is 
achieved by making use of the storage capacitors which are normally 
connected in parallel with the LC display elements and by adding a further 
5 coupling capacitor, C c . There will also be other methods by which the 
capacitance of the LC elements 21 could be coupled to the input of the 
oscillator, as will be apparent to persons skilled in the art. One such other 
method would be to use the common electrode 24 of the AMLCD to provide 
this connection rather than the capacitor lines 22. 

io Figure 9 shows the circuit configuration of a second embodiment of 

AMLCD according to the invention using the common electrode 24 to provide 
input to the oscillator circuit 40. This example also uses an alternative 
configuration for the storage capacitor in which separate capacitor lines are 
not provided and instead the sides of the storage capacitors 20 remote from 

is the picture element electrodes 15 are connected to a row address conductor 
14 of an adjacent row of picture elements 12. 

The common electrode 24 is connected to a common electrode drive 
circuit 70 via a switch 72 which corresponds functionally with the switch S 2 in 
the Figure 3 circuit arrangement and to which the measure enable waveform M 

20 is applied. The common electrode 24 is connected also to the input of the 
oscillator circuit 40 via the coupling capacitor C c . In other respects, the 
circuitry and the operation of the adjustment means is similar to that of the 
previous embodiment. 

In the above example embodiments, a single oscillator circuit is used to 

25 measure the capacitance of different LC display elements 21. This is 
important when a direct comparison of the capacitance of the elements is 
required because the measured frequency will depend on the characteristics 
of the oscillator circuit. However, there may be circumstances where it is 
preferable to provide more than one oscillator circuit. Separate oscillator 

30 circuits could be provided for different sets of LC display elements. For 
example, one oscillator circuit may be provided for each row of picture 
elements in the case of the embodiment of Figure 8. 
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The measurement of the capacitance of the LC display elements can be 
used to control the drive waveforms of the AMLCD as described previously, for 
example to provide automatic adjustment of the drive voltages applied to the 
picture elements, specifically the dc voltage appearing across the liquid crystal 
5 and the peak to peak drive voltage which determines the greyscale 
performance of the device. In principle the approach can be extended to the 
automatic adjustment of any aspect of the display drive waveforms which 
cause the response of the liquid crystal to change. For example the row select 
(gating) or non-select voltages of the waveform applied by the drive circuit 28 

10 to the row address conductors 14 could be adjusted by detecting whether a 
small change in these voltages has any effect on the capacitance (and 
therefore on the grey-level) of the display elements within the array. As 
another example, in order to minimise the power consumption of the AMLCD, 
the addressing frequency could be reduced to a level determined by detecting 

is when a further reduction in frequency would result in unacceptable discharge 
of the display elements during the frame period. The discharge of the display 
element voltage could be detected via the change in the capacitance of the 
liquid crystal. This measurement technique could also be used to determine 
the switching speed of the liquid crystal and to adjust a correction algorithm. 

20 Some of these measurements and adjustments of the drive waveform 

parameters could be carried out at extended intervals, for example, each time 
that the AMLCD is turned on. Ideally, the values of the parameters would be 
stored so that it was only necessary to make small adjustments to the drive 
parameters when the device is turned on rather than having to establish the 

25 parameters from some default setting. These measurements might require 
some specific test waveforms or test patterns to be applied to the AMLCD or 
the LC display elements 21 during the test. For example signals representing 
different grey levels might be applied, the drive frequency might be altered, or 
some other aspect of the drive conditions varied. 

3C Other measurements might be performed during the operation of the 

AMLCD. For example, adjustment of the drive voltages to correct for the effect 
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of temperature variations might be carried out periodically while the device is 
operating. 

It may be advantageous to integrate a number of separate LC display 
element capacitance measurement circuits on the devices substrate. These 

5 could control different aspects of the drive waveforms applied to the array and 
they could be designed and operated in a way which is best suited to their 
function. For example LC display elements 21 within the array could be used 
to determine the dc voltage applied to the array. One of the parameters which 
determines the dc voltage is the offset voltage which occurs within the picture 

10 elements 12 when the TFTs 18 turn off. It is therefore advantageous to adjust 
the dc voltage by measuring the capacitance of the display elements within the 
array. 

The proposed form of adjusting means is most relevant to AMLCDs in 
which the drive circuits are integrated onto the active substrate of the device. 

is However, this adjustment means and measurement technique could also be 
implemented using external circuitry, for example within the crystalline silicon 
drive ICs of an AMLCD which does not have integrated drive circuits. 

From reading the present disclosure, other modifications will be apparent 
to persons skilled in the art. Such modifications may involve other features 

20 which are already known in the field of active matrix liquid crystal display devices 
and component parts therefore and which may be used instead of or in addition 
to features already described herein. 
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CLAIMS 

1 . An active matrix liquid crystal display device having in a display 
area (25) an array of picture elements (12) operable to produce a display 
image, each picture element comprising a picture element electrode (15) which 
together with an opposing, common, electrode (24) defines a liquid crystal 
display element (21), and a storage capacitor (20) connected to the picture 
element electrode, the device including adjustment means (40, 34) for 
adjusting drive signals applied to the picture elements in accordance with 
changes in the liquid crystal capacitance, wherein the adjustment means 
comprises an oscillator circuit (40) which is coupled to a plurality of picture 
elements in the array and whose frequency of oscillation provides a measure 
of a capacitance associated with the plurality of picture elements and 
dependent on the capacitance of their respective liquid crystal display 
elements. 

2. A device according to Claim 1 , wherein respective first electrodes 
of the storage capacitors (20) of the plurality of picture elements are connected 
together (22) and wherein the adjustment means is arranged to measure the 
capacitance of the connected first electrodes of the storage capacitors. 

3. A device according to Claim 1 or 2, wherein the storage 
capacitors (20) are connected between their respective picture element 
electrodes (15) and a connection line (22) common to the storage capacitors 
of the plurality of picture elements and wherein the adjustment means is 
arranged to measure the capacitance associated with the connection line. 

4. A device according to Claim 3, wherein the storage capacitor 
connection line (22) is connected to switch means (50, 61, 72) that is 
cc4ective!y operable to couple the connection line to a source of predetermined 
potential or to the oscillator circuit to enable the adjustment means to perform 
a measuring operation. 
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5. A device according to Claim 1 , wherein the adjustment means is 
arranged to measure the capacitance of the common electrode (24). 

6. A device according to Claim 5, wherein the common electrode 
(24) is connected to switch means that is selectively operable to couple the 
common electrode to a source of predetermined potential or to the oscillator 
circuit to enable the adjustment means to perform a measuring operation. 

7. A device according to any one of the preceding claims, wherein 
the oscillator circuit (40) of the adjustment means is coupled to all the picture 
elements in the array with the measurement provided thereby being 
dependent on a capacitance associated with the display elements of all the 
picture elements in the array. 

8. A device according to any one of the preceding claims, wherein 
the oscillator circuit (40) of the adjustment means comprises thin film circuitry 
integrated on a substrate of the device which carries the picture element 
electrodes. 

9. A device according to any one of the preceding claims, wherein 
an input of the oscillator circuit (40) of the adjustment means is coupled to the 
plurality of picture elements via a coupling circuit (38) comprising a capacitor. 



WO 2004/023449 PCT/IB2003/003925 



2/8 




AOS 



FIG.2 




FIG.3 



WO 2004/023449 PCT/IB2003/003925 



3/8 





FIG.5 



WO 2004/023449 PCT/IB2003/003925 



7/8 



CD. 
CO 



CO 

CD 



si 



S 

4 



11 



1 


S3 . 

- dr 




add- 

J «5 


3 
O 

r HIH 

HI — 


3 
o 

rHI-l 
J — 1| — 


o 
rlH 
1— ii — 


CM 1 


dd- 
-<* 


3 
O 

dr 


J* 

dd- 


dd- 


J 5 

dd- 






3 
O 

FT 


3 
O 

dd- 


3 
o 

dd- 


3 
O 

dd- 


dd- 


J* 




3 

1 o 

- i* 1 


3 
O 

dr 


3 
O 

dd- 


3 
o 

dd- 


O 

dd- 




CO 1 

7 | 


o 
O 

pr 


i 3 
o 

dd- 


3 
O 

dd- 
<<* 


O 

dd- 


3 
O 

dd- 


3 
o 

dd- 


CO ' 

T ! 

L. 


3 
o 

dd- 


dd- 


dd- 


dd- 


dd- 


J 1 

dd- 



ru7 



8 



3- 



CO 
CVJ 



"CO 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTERl 

IPC 7 60963/36 



According to International Patent Classification (IPC) or to both national classification and IPC 



Intematioi sticatfon No 

pcT/iB Bi p3/03925 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 6096 601L 602F 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Electronic data base consulted during the International search (name of data base and, where practical, search terms used) 

EPO-Internal , PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 98 39794 A (MICRODISPLAY CORP ;ALVELDA 

PHILLIP (US); BOLOTSKI MICHAEL (US)) 

11 September 1998 (1998-09-11) 

page 2, line 15 -page 2, line 31 

page 9, line 8 -page 11, line 15 

page 17, line 22 -page 17, line 28 

page 19, line 30 -page 20, line 9; figures 

3,5,10 

US 4 278 325 A (KANEKO N0B0RU ET AL) 
14 July 1981 (1981-07-14) 
column 3, line 5 -column 3, line 37 
column 4, line 43 -column 4, line 61; 
figures 3,4A,4B,7A,7B 

-/-- 



1-3,5, 
7-9 

4,6 



4,6 



m 



Further documents are listed in the continuation of box C. 



0 



Patent family members are listed In annex. 



° Special categories of cited documents : 

'A* document defining the general state of the art which is not 
considered to be of particular relevance 

"E 4 earlier document but published on or after the international 
filing date 

•L' dccume-! wttch may throw doubts on priority ctaimfs) or 
which is died to establish the publication date ol another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other mean 0 

•P" document published prior to the international filing date but 
later than the priority date claimed 



T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y* document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&' document member of the same patent family 



Date of the actual completion of the international search 



! 3 December 2003 



Date of mailing of the international search report 

12/12/2003 



j Name and mating acdress of the ISA 

t European Patent Office, P.B. 5818 Patentlaan 2 

: ™L - 2280 HV Rijswijk 

I! e;. '+31-70) 340-2040, Tx. 31 651 epo nl. 
Fax (+31-70) 340-3016 



Authorized officer 



Morris, D 



Form PCT/ISA/210 (second sheet) (July 1992) 



page 1 of 2 



C(Contlnuatlon) DOCUMENTS CONSIDEI 



Category 



INTERNATIONAL SEARCH REPORT 

ft 



I BE RELEVANT 



Internatlc apllcatlon No 

PCT/IJL 03/03925 



Citation of document, with indlcalton.where appropriate, of the relevant passages 



3^ 



Relevant to claim No. 



A 



WO 01 91427 A (BUMGARDNER RODNEY J ;GALE 

RONALD P (US); ELLERTSON DAVE (US); FAN) 

29 November 2001 (2001-11-29) 

cited in the application 

page 55, line 18 -page 57, line 16; 

figures 27,28 

PATENT ABSTRACTS OF JAPAN 

vol. 2002, no. 11, 

6 November 2002 (2002-11-06) 

-& JP 2002 189438 A (SHARP CORP), 

5 July 2002 (2002-07-05) 

abstract 

'0012! 
'0034! 



1-9 



1-9 



paragraph 
paragraph 
paragraph 
paragraph 



- paragraph '0018! 

- paragraph '0036! 
'0040! - paragraph '0042! 
'0062!; figures 1,2,6 



US 4 795 248 A (NISHI0KA KIMIHIKO ET AL) 

3 January 1989 (1989-01-03) 

column 8, line 50 -column 9, line 25; 
figure 9 



1-9 



Form PCT/ISA/210 (continuation of second sheet) (July 1992) 



page 2 of 



2 



Patent document 
cited In search report 



INTERNATIONAL SEARCH REPORT 

uiiwtiiiaviwii vii f/oicni loiimy iiiciHWCio 

m 



Publication 
date 



Intematic 

PCT/ 



Patent family 
member(s) 



ipllcatlon No 

03/03925 



Publication 
date 



WO 9839794 


A 


11- 


-09- 


-1998 


AU 


6446398 A 


22-09-1998 












US 


6108000 A 


22-08-2000 












WO 


9839794 A2 


11-09-1998 


US 4278325 


A 




-07- 


-1981 


.IP 




c$~ uo— iy/y 












GB 


2010543 A ,B 


27-06-1979 


WO 0191427 


A 


29- 


-11- 


-2001 


AU 


6499401 A 


03-12-2001 












CN 


1444819 T 


24-09-2003 












EP 


1284081 A2 


19-02-2003 












WO 


0191427 A2 


29-11-2001 


JP 2002189438 


A 


05- 


-07- 


-2002 


NONE 






US 4795248 


A 


03- 


-01- 


-1989 


JP 


61061129 A 


28-03-1986 












JP 


61061133 A 


28-03-1986 












JP 


61061134 A 


28-03-1986 












JP 


61061128 A 


28-03-1986 












GB 


2163864 A ,B 


05-03-1986 












US 


4919520 A 


24-04-1990 



Fofn i FC7/>5A/£ i S (patent family annex) (July 1 992) 



